The assessment studies on different intercropping systems along with their respective sole crops were implemented with active participation of farmers in Yagantipalle village of Kurnool district (Andhra Pradesh), Aurangabad and Nandurbar districts of Maharashtra during 2011 to 2014 as a part of National Initiative on Climate Resilient Agriculture (NICRA) project. The main objective of the study was to popularize climate resilient rainfed intercropping systems in black soils to mitigate climate variability. Intercropping of foxtail millet + pigeonpea (5:1) was identified as best climate resilient system in black soils (kurnool district) of Andhra Pradesh. This system on an average enhanced pigeonpea seed equivalent yields by 406 and 191 kg/ha compared to sole crops of foxtail millet and pigeonpea and recorded 41% of yield advantage over sole crops. In Aurangabad district of Maharashtra, soyabean + pigeonpea (4:2) and pigeonpea + green gram (1:2) were identified as climate resilient intercropping systems. Cotton + greengram (1:1) intercropping system was suitable during medium and good rainfall years in black soils of Aurangabad district. In Nandurbar district of Maharashtra, soybean + pigeonpea (3:1) was found stable over different rainfall patterns. On an average, the intercropping system of soybean + pigeonpea (3:1) recorded 73% higher net income than sole pigeonpea. Though the seed yields of intercrops were reduced by 15-20% than respective sole crops in intercropping system, the seed yields of intercropping system was always higher (30 to 60%) than sole crops. Hence, adoption of intercropping systems in rainfed black soils is climate resilient system and also helps in improving food security in rainfed areas.
Change in climate is likely to aggravate the problems of future food security by exerting pressure on agriculture. India is more vulnerable to climate change in view of the high population depending on agriculture, excessive pressure on natural resources and poor coping mechanisms. In India, significant negative impacts have been implied with mediumterm , climate change, predicted to reduce yields by 4.5 to 9%, which is roughly up to 1.5% of GDP per year (Jasna et al., 2014) .
Rainfed agriculture which constitutes nearly 58% of net cultivated area will be the most impacted. Crop production in the rainfed lands in India is presently plagued with numerous problems like insufficient and erratic rainfall, land degradation and low soil fertility, poor supply of agri-inputs, weak technology dissemination system, low investment capacity of farmers etc. Further, it is strongly believed that climate change will further exacerbate the problems of rainfed agriculture. The vulnerability of rainfed lands to climate change and variability has been exposed by the devastating effects of recent floods and prolonged droughts in different parts of the country. Therefore, it is of utmost importance to enhance resilience of rainfed agriculture to climate change through planned adaptation of appropriate inter/sequence cropping systems and also with other management practices of natural resource management (Singh et al., 2004) .
Intercropping is an important aspect than sole cropping to address the issues of rainfed agriculture under changing climate scenario and it also helps in the maximization of productivity and profitability by efficient utilization of natural resources like land, light and water (Chandra et al., 2010 b) . Inclusion of legumes as intercrops in cereals and oilseeds under pulse based intercropping sequences would have a positive effect on the productivity, economics and fertility status of the soil. Keeping this in view, an attempt was made to evaluate different cereal/pulse and oilseed based intercropping systems to bring stability in productivity and profitability against climate risks in selected villages of Andhra Pradesh and Maharashtra.
Materials and Methods
Three demonstration sites covering 3 districts viz., Kurnool from Andhra Pradesh, Aurangabad and Nandurbar from Maharashtra were selected for the purpose of study. The steps followed in selection of sites in different districts include:analysis of climatic constraints of villages based on long term data, assessment of natural resources, identification of major farming situations, constraints of crop production, climatic vulnerabilities, yield gaps and opportunities for climate change adaptations. Based on the detailed analysis, action plans to demonstrate appropriate intercropping systems to meet climate vulnerability (drought) was prepared on participatory mode with the help of scientists and farmers in each district. The demonstrations were implemented during 2011-12, 2012-13 and 2013-14. The farmers in each selected village of the district were stratified based on size of holding into: marginal (<1ha), small (1-2 ha), medium (2-4 ha) and big farmers (>4 ha). The farmers for this study were selected based on stratified random sampling representing 10% of population in each category. The training programmes on production skills of different crops/intercropping systems were imparted to the participants before conducting demonstrations. The details of villages selected for the purpose of study along with soil types and normal rainfall and climate vulnerabilities faced by the farming communities are presented in Table 1 .
The demonstrations on improved intercropping systems along with sole crops were conducted in 0.4 ha area on each farmer's site in all selected districts in participatory mode (Table 2) . At the time of harvest, the yields of improved intercropping systems and sole crops were recorded. The economic analysis of input and output relationships and grain equivalent yields were worked out to quantify the benefits of intercropping systems for the last three years. Grain equivalent yield for each intercropping system was calculated based on the yield of individual crops in each intercropping systems and their market prices prevailing at the time of experimentation for comparison of intercropping systems with sole crop. Complete dry spell was experienced from 13th October to 30th December, affected the productivity of long duration crops like pigeonpea, cotton and rabi sorghum.
Nandurbar
The NICRA village Umarani of Nandurbar receives a normal rainfall of 813 mm in a year with 57 rainy days. The rainfall was deficit by 23.6% as compared to the normal rainfall in 2012. But the rainfall was excess by 10.2 and 52.8% as against the normal annual rainfall in 2011 and 2013. The rainfall was deficient in the months June and September by 64 and 47 mm respectively in 2011. In 2012, the rainfall was less in the months of June, July and October to the tune of 111, 84 and 47 mm, respectively. A rainfall of 181 mm received in June was helpful for land preparation and sowing of kharif crops in 2013. The excess rainfall received in July (305 mm), August (249 mm) and September (661 mm) created water stagnation in the fields.
Results and Discussion

Sole and intercropping systems
Assessment of intercropping systems of foxtail millet + pigeonpea (5:1), castor + pigeon pea (1:1) were done with active participation of 182 farmers in 72.8 ha in black soils of Sashidhara et al. (2000) which showed that small millets performed better even under drought and erratic rainfall, both as sole and intercropping systems probably due to their drought tolerant capacity. Similarly castor + pigeon pea intercropping system (1:1) on an average gave significant increase in pigeonpea grain equivalent yields by 561 and 583 kg/ha and B:C ratio by 0.59 and 0.57 as compared to the sole crops of castor and pigeon pea respectively (Table  3 ). Higher grain equivalent yields in castor and pigeonpea system might be due to efficient utilization of resources than respective sole crops (Sharma et al., 2004) .
In NICRA village of Shekta in Aurangabad district of Maharashtra, intercropping systems of soybean + pigeonpea (4:2), pearlmillet + pigeon pea (3:3) and pigeonpea + greengram (1:2) were demonstrated in farmers fields during 2011-2013. Soya bean + pigeonpea (4:2) registered higher pigeonpea seed equivalent yields by 545, 96 and 400 kg/ ha over sole crop of pigeonpea in 2011, 2012 and 2013 respectively. On an average intercropping system of soybean + pigeonpea significantly increased seed equivalents by 24% and B:C ratio by 0.64 than sole crop of pigeonpea. Similar trends of results were noticed in soyabean + pigeonpea intercropping system by Ghosh et al. (2006) .
Intercropping system of pearl millet + pigeonpea (3:3) recorded higher seed equivalents of pigeonpea by 800, 859 and 2155 kg/ha and B:C ratios by 0.38, 0.50 and 1.34 over sole crop of pigeonpea in 2011, 2012 and 2013 respectively. The additional yield advantages might be due to better complementary effects in utilizing the resources than respective sole cropping systems (Guggari and Kalaghatagi, 2005; Kumar and Rana., 2007) . Similarly intercropping system of pigeonpea+green gram on an average gave higher seed equivalent yields by 42% and B:C ratio by 0.71 over sole pigeonpea. The reason for higher yield may be attributed to better utilization of other resources like light, nutrients and moisture by pigeonpea + greengram intercropping system (Sharma et al., 2004) and differential growth and maturity of component crops (Subba Reddy et al., 2004) .
In cotton + green gram intercropping system, cotton equivalent yields were higher by 34 and 72% over sole cotton in 2012 and 2013, respectively. Rabi sorghum and safflower intercropping system in black soils of Aurangabad showed higher sorghum grain equivalent yields by 135% and B:C ratio by 1.12 over sole rabi sorghum (1150 kg/ha) over the period of two years (Table 4) .
In NICRA village Umarani of Nandurbar district (Maharashtra), demonstrations of soybean + pigeopea (3:1) were conducted in 4.4 ha with 11 farmers in 2012 and 2013. Although intercrops in intercropping system reduced their yields from 20 to 30% over respective sole crops, the soyabean + pigeon pea system gave the benefit to the extent of 40 to 60% in different sites of Kurnool in Andhra Pradesh, Aurangabad and Nandurbar districts of Maharashtra. 
Conclusions
The assessment studies on intercropping system in balck soils of Kurnool (Andhra Pradesh), Aurangabad and Nandurbar (Maharashtra) districts clearly indicated that foxtail millet + pigeonpea (5:1) in Yagantipalle of Kurnool district and pigeonpea + green gram (1:2) and soyabean + pigeonpea (3:1) systems in Auragabad and soyabean + pigeonpea (4:2) in Nandurbar districts of Maharashtra were found more stable and climate resilient in rainfed environment. Thus, intercropping offers solution to obtain higher yields per unit area, diversified food and reduced risk of crop failure under rainfed conditions.
